Abstract. The National Statistical Offices (NSO) in the countries in Northern Europe (Norway, Sweden, Finland and Denmark) have developed production systems that are based on statistical registers. Almost all surveys done by the Nordic NSOs are based on these systems of registers. Besides all register surveys that use these registers also sample surveys and censuses use the register system for creating frames and utilizing register variables as statistical variables and as auxiliary variables used for estimation. These ways of using registers for statistics production are well-known and many countries are developing their production systems to become more and more based on registers as in the Nordic countries. However, the system of registers has features that have not been generally recognized: it opens possibilities to work with quality assessment and nonsampling errors in a new way. All registers can be compared at the microdata level and also all sample surveys can be compared at the microdata level with all registers in the system. Systematic comparisons between samples surveys and registers in the system will give new knowledge of quality in different surveys and also give new possibilities to redesign surveys and improve the quality of the surveys in the system. Keywords: Administrative data, register survey, survey design, total survey error
The transition into a register-based system
Many countries are today increasing the use of administrative data to produce statistics describing society. Before any administrative registers were used for statistical purposes, the production system was based on maps or address lists and enumerators and interviewers were sent out to interview households and enterprises.
When more and more administrative registers are used the national statistical system is gradually changed into a register-based statistical production system. Sample surveys and traditional censuses are replaced by register surveys that do not require collection of statistical data. Also sample surveys become registerbased. The statistical units can be directly sampled from statistical registers -the sample survey design and the estimation methods are improved as register information can be used.
All countries that can do a register-based population and housing census have completed this transition from a traditional production system into a new register-based production system. This transition has consequences regarding survey design and quality assessment, but most people at the national statistical institutes may not yet be aware of these consequences. To understand these consequences it is necessary to fully understand the requirements and possibilities of the register system that is the basis of almost all production of statistics after the transition. The register system is described in Wallgren and Wallgren [4] .
The understanding of the role of the register system is today limited -most people at a NSO are fully occupied with their own survey and have little time to study other surveys and make comparisons between related surveys.
Survey design in a register-based system
When a NSO gets access to microdata from administrative registers there can be two approaches to survey design: With the traditional approach we start with the survey content we want. For example, we want to do an income survey and then we start planning for an income register. We search for administrative sources that can be used when an income register is created and develop the methods that should be used.
With the systems approach, introduced in Laitila, Wallgren and Wallgren [3] , we systematically analyse each administrative source and try to find out how it should be used within the production system or register system. For example, if we analyse income selfassessment from persons we will find that this source can be used in many ways. It can be used for an Income Register and for sample surveys regarding income of households. It can also be used to improve coverage of the Population Register, the Job Register and the Business Register. Also the Structural Business Statistics survey can use this source as there is information regarding sole traders.
Survey design consists of the efforts we make to maximise the quality of the estimates generated by a specific survey, subject to cost or budget constraints. With quality we as a rule mean accuracy, but also other quality dimensions can be included as relevance, comparability and coherence. Biemer [1] uses the term "fitness of use" for this broader quality concept. The transition from a production system without registers into a register-based system will e.g. reduce the costs for a Population and Housing Census or a Labour Force Survey. It will also be possible to improve quality, census information can be produced every year, and the accuracy of the LFS will be improved when better auxiliary variables can be used.
Quality assessment in a register-based system
Different kinds of survey errors are used as planning criterions when we work with survey design. For the design of sample surveys this planning work is well known and discussed. How should the corresponding planning process for register surveys be structured? In Laitila, Wallgren and Wallgren [3] we describe the systems approach to survey design as consisting of the four steps illustrated in Fig. 1 . Each administrative source is analysed in the following ways: a) Metadata regarding the source is analysed. The relevance is determined. b) Microdata from the source are analysed. Some aspects of accuracy are determined. c) The source is compared with its base register (e.g. the Population Register or the Business Register). Some aspects of accuracy of the source and the base register are determined and it is also determined if the source can be used to improve the coverage of the base register. d) The source is compared with all surveys in the system containing similar variables. Aspects of accuracy of the source and the surveys used for comparisons are determined. It is also determined if the source can be combined with other sources for a new survey and if the source can be used to improve other surveys in the system. We have tested this systems approach to survey design by analysing microdata from five surveys and registers. The intention was to design a new survey where productivity by industry in the sector of non-financial enterprises should be estimated with estimates of value added from the Structural Business Statistics survey (SBS) and estimates of hours worked from the Labour Force Survey (LFS). To analyse the quality of these estimates it is also necessary to analyse the registers that constitute the links between the SBS and the LFS. This means that the Population Register, the Job Register and the Business Register also were analysed. The system is illustrated in Fig. 2 . Microdata from the different sources can be integrated with the personal identity numbers (PIN) and the business identity numbers (BIN).
If the object sets in these surveys and registers are compared, undercoverage and overcoverage by sector and industry can be estimated. After comparison of the Population and Job registers we found that the undercoverage in the Population Register due to foreigners working in Sweden is 0.6% of all persons or 1.4% of all employed persons. The estimates of productivity must be corrected for this.
Both the LFS and the Job Register contain PIN, the personal identity numbers. These two datasets can then be matched and Table 1 illustrates different kinds of errors that were found in the integrated data set.
The respondents in the LFS are interviewed eight times, once every third month during two years. Each interview concerns the conditions during a specific week just before the interview. We have combined data from the LFS and from the Job Register for 2009. The LFS data describe a sample of the population 15-74 years old and the employment status during one to four specific weeks during 2009 for each respondent. The Job Register describes all jobs for all persons that were employed during the whole year or parts of the year 2009.
In Table 1 an example with data for a small number of persons is given. The two persons PIN1 and PIN2 both work in restaurants (ISIC 56100) but only PIN1 is found in the Job Register. PIN3-PIN9 are persons where industry defined by ISIC differs in the LFS and the Job Register. Finally, PIN9 shows also that the Sector variable differs between the two sources. In the Job Register sector 110 and 611 belong to non-financial enterprises, 212 to financial enterprises and 320 to central government. In the LFS the sector code 1 means central government and 6 means non-financial, financial or non-profit sectors -the two sector variables thus differ in definitions, this shows that the sources are not coordinated.
In the example in Table 1 both the persons PIN1 and PIN2 were interviewed several times during 2009 and At the Swedish National Accounts corrections for black work has been done regarding hours worked. Table 2 indicates that black work already can be included in the estimates. each time they were classified as employed in the LFS. However, for only one of these persons preliminary tax has been paid by the person's employer. We suspect that the second person is a person that is occupied in the black sector of the Swedish economy. An estimate of hours worked by persons of this kind is in Table 2 : 0.6% of all hours worked in the LFS 2009 are not related to tax payments. Table 3 illustrates that the Sector coding in the LFS is not coherent with the SBS. This is a typical example of that social statistics and economic statistics often are two separate parts of a statistical office that we have noticed in many countries, not only in Sweden. This difference in sector coding makes productivity estimates based on a combination of the LFS and the SBS impossible if sector in the LFS is not corrected. Table 4 illustrates the problems associated with industry. The target codes are the codes in the Business Register that also are used in the Job Register and the SBS. In spite of that the Job Register is used when coding industry in the LFS the LFS codes differ from the target. At the two-digit level 11.8% of the employed persons in the LFS that have only one job, have wrong ISIC codes in the LFS (at the 5-digit level 15.9%). This fact makes productivity estimates based on a combination of the LFS and the SBS impossible if the LFS is not corrected. In Table 4 the industries with the most serious coding problems are included. Some industries have wrong codes for 40%-50% of the employed persons. The reasons behind these coding problems should be analysed By comparing the LFS, the Population Register and the Job Register it was possible to find serious errors in the LFS and the Population Register as illustrated in Tables 3-6 . If the Job Register, the Business Register In this chart, the population of active employers in the Job Register is compared with employers in the Business Register. and the SBS are compared, more errors are found. The undercoverage in Table 5 is 9% of the units in the total population of employers, but only 0.5% of the gross pay in the Job Register regarding all sectors. The undercoverage in the Business Register typically consists of small enterprises.
To be able to correct estimates from the SBS we must have information on undercoverage by economic activity. Table 6 shows some estimates of undercoverage errors regarding total gross pay. The same kind of estimates of undercoverage errors regarding turnover can be generated if the SBS and the VAT-register are matched. The total population in the SBS for 2009 consists of 927 904 Kind of Activity Units. 715 of these get a full SBS-questionnaire, for the rest of the population the Yearly Income Declarations are used. In this part of the population the Kind of Activity Units are the same as the legal units used for taxation. The legal units that are employers in the SBS or the Job Register are described in Table 7 .
The SBS survey suffers from both overcoverage and undercoverage The inconsistencies between the two surveys in Table 7 are small on the aggregate level, but if Table 7 is disaggregated to show gross pay by industry the inconsistencies for many industries are large. Table 8 illustrates the inconsistencies between gross pay in the Job Register and in the SBS. Differences regarding coverage and ISIC classification explain these inconsistencies, but also differences due to unit problems. The SBS and the Job Register use two different administrative sources with legal units. Enterprises that consist of many legal units may report gross pay using different legal units in these two sources. If we want to use administrative sources for economic statistics we must take this unit problem more seriously than we do today. 4. Conclusions: Quality assessment in a register-based production system Tables 1-8 show some of the errors we have found when we tested the systems approach to quality assessment. The systems approach has proved to be important -when we compare many sources and surveys it is possible to detect potential problems in a statistical production system. This is illustrated by the results presented in this paper. The traditional way of working is to consider one survey or one administrative source at a time. For both quality and efficiency reasons it is necessary to abandon this tradition and adopt a statistical systems approach as the general method for producing official statistics.
The errors we have found are serious. We think that similar errors also exist in other countries. However, it is only in a country with a register-based production system that it is possible to find the errors and start the work with correcting them.
Total survey error in a register-based system
The total survey error describes all errors that give rise to lack of accuracy. The sampling error is always measured in sample surveys, but the other nonsampling components are seldom measured. However, the non-sampling errors should always be considered during the design process. The total survey error is discussed by Groves and Lyberg [2] and is considered to be "the conceptual foundation of the field of survey methodology".
Register surveys should also be included in the survey methodology and this area is becoming more and more important as the use of administrative data is increasing. What similarities and differences can be found if we compare the sample survey based ideas in Biemer [1] and Groves and Lyberg with the example in this paper where all surveys are register-based?
The most important difference is that Biemer, Groves and Lyberg discuss one (sample) survey at a time, it is one survey that should be designed so that the total survey error is minimised under the budget constraints. In the example above with register-based surveys a system of surveys is considered. In our system a sample survey, the LFS, is included, but some survey error components of the Swedish LFS is determined by undercoverage in the Population Register. So we cannot design the LFS alone, we must simultaneously consider the design of the Population Register and other parts of the Swedish production system that is used together with the LFS.
Another difference is that we can measure many important non-sampling errors of the LFS and the other surveys in the system. We can do this by integrating data from different parts in the system. We compare the Population Register and the Job Register and find coverage errors; we compare the Job Register and the Business Register and find more coverage errors. And we can compare classification of economic activity in a number of surveys and describe the inconsistencies in the system. We do not have to use quality indicators; we can measure relevant quality components directly.
